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Wednesday, February 11, 2015 611athioredoxin (Trx) donates electrons to peroxiredoxin (Prx) to remove H2O2 and
then thioredoxin reductase (TrxR) maintains the reduced Trx concentration
with NADPH as the cofactor. Despite a great deal of kinetic information gath-
ered on the removal of H2O2 by the Trx system from various sources/species, a
mechanistic understanding of the associated enzymes is still not available. We
address this issue by developing a thermodynamically-consistent mathematical
model of the Trx system which entails mechanistic details and provides quan-
titative insights into the kinetics of the TrxR and Prx enzymes. Consistent with
experimental studies, the model analyses of the available data show that both
enzymes operate by a ping-pong mechanism. The proposed mechanism for
TrxR, which incorporates substrate inhibition by NADPH and intermediate
protonation states, well describes the available data and accurately predicts
the bell-shaped behavior of the effect of pH on the TrxR activity. Most impor-
tantly, the model also predicts the inhibitory effects of the reaction products
(NADPþ and Trx(SH)2) on the TrxR activity for which suitable experimental
data are not available. The model analyses of the available data on the kinetics
of Prx from mammalian sources reveal that Prx operates at very low H2O2 con-
centrations compared to their human parasite counterparts. Furthermore, the
model is able to predict the dynamic overoxidation of Prx at high H2O2 con-
centrations, consistent with the available data. The integrated Prx-TrxR model
simulations show that the coupling of TrxR- and Prx-dependent reduction of
H2O2 allowed ultrasensitive changes in the Trx concentration in response to
changes in the TrxR concentration at high Prx concentrations.
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Frontotemporal dementia and parkinsonism linked to chromosome 17 (FTDP-
17) is a neurodegenerative disorder caused by mutations in theMAPT gene en-
coding tau protein. Mitochondrial alterations have been associated with
neuronal death in several diseases. The objective of our study was to analyse
the mitochondrial function in human iPS cells from a patient of FTDP-17 car-
rying the 10þ16 MAPT mutation. In addition, we have selected three different
time points of the differentiation from pluripotent stem cells to cortical neurons
to study how mitochondrial alterations develop.
We have used fluorescence imaging techniques to examine the mitochondrial
function: TMRM to measure the mitochondrial membrane potential (Dcm)
and dyhidroethidium (DHE) to measure the rate of reactive oxygen species
(ROS) production.
Dcm was higher in iPS-derived neurons from the patient bearing theMAPTmu-
tation (158.3530.2% of control). Higher Dcm was also found in non-
differentiated pluripotent stem cells (133.4510.1%) and in the neural rosettes,
which represent an earlier stage of the differentiation (151.5512.4%). In
contrast, mitochondrial mass was lower in mutant iPS-derived neurons
(85.153.9%), although it was similar in non-differentiated cells.
We have also found that the rate of ROS production, measured using DHE, was
also higher in iPS-derived neurons from the patient (127513.9% of control).
The increased rate of ROS production in these cells may be the consequence
of the enhanced membrane potential. Consistently, the rate of ROS production
in non-differentiated cells and in neural rosettes was also significantly higher
(123512.9% and 13056.9%, respectively).
Our study indicates that this MAPT mutation leads to a higher mitochondrial
membrane potential, which induces a higher ROS production that may be a
trigger for neurodegeneration.
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Metabolic exchanges between cytosol and mitochondria are made possible by
the presence of the pore-forming protein VDAC1 on the outer mitochondrial
membrane [1-3]. VDAC1 is directly involved in ATP/ADP, glucose and ions
transportation, calcium homeostasis and apoptosis regulation. Moreover, it
shows high level of sequence conservation in all eukaryotes: the homologous
por1 in yeast S. cerevisiae shows 70% of identity and similar functional prop-
erties [1]. Recent studies have highlighted the existence of a link between
VDAC1 and SOD1 enzyme, the most important cytosolic defense againstsuperoxide anion. In yeast, SOD1 is required to protect VDAC1 from oxidation
but also from carbonylation induced by ROS [3]; in addition, yeast strains
devoid of endogenous SOD1 show down-regulated VDAC1 and TOM40
levels, and VDAC shows a significantly less pronounced voltage dependence
and conductance [4]. To unravel SOD1 metabolic role in relation to
VDAC1-mediated metabolism, we expressed human SOD1 in yeast devoid
of endogenous VDAC (Dpor1). WhileDpor1 strain cannot grow in the presence
of a not-fermentable carbon source, possibly due to altered mitochondria, our
results indicates that the overexpression of hSOD1 in Dpor1 strain relieves
the growth defect, suggesting that SOD1 participates in the mitochondrial
metabolic intersection with the cytosol.
Acknowledgments: PRIN 2010CSJX4F (VDP) and ARISLA (AM).
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Aminoglycosides (AGs) are the most widely used class of antibiotics in the
world despite causing permanent hearing loss by damaging inner ear sensory
cells. Although the mechanisms of cochlear sensory cell damage are not fully
known, reactive oxygen species (ROS) are clearly involved. During normal
mitochondrial metabolism low levels of ROS, primarily superoxide, are pro-
duced at complexes I and III in the electron transport chain. These levels can
increase when mitochondrial dysfunction occurs. Complex I-specific ROS for-
mation was evaluated in acutely-cultured murine cochlear explants exposed
to gentamicin (GM, 300 mg/ml), a representative ototoxic AG antibiotic. Mito-
chondrial membrane potential and pro-apoptotic signaling were measured using
Tetramethylrhodamine and apoptosis-inducing factor (AIF) labeling, respec-
tively. Fluorescence intensity-based measurements of nicotinamide adenine
dinucleotide (NADH) were used to detect changes mitochondrial metabolism.
Relative amounts of superoxide and hydrogen peroxide produced during
acute GM exposure were measured using MitoSox Red and Dihydrorhodamine
123, respectively. GM increased NADH fluorescence intensity in low- and
high-frequency sensory cells. The complex I inhibitor rotenone (250 nM)
significantly increased superoxide, not hydrogen peroxide, in low- and high-
frequency sensory cells (p < 0.01). GM significantly increased superoxide
and hydrogen peroxide formation in low- and high-frequency sensory cells (p
< 0.05). Rotenone increased GM-induced superoxide formation but decreased
GM-induced hydrogen peroxide formation. This effect was greatest in high-
frequency cells indicating fundamental differences in ROS formation in high-
and low-frequency sensory cells exposed to ototoxic antibiotics. This project
provides a base for understanding the underlying mechanisms of mitochondrial
ROS production in cochlear cells during exposures to ototoxic antibiotics.
Supported by the National Institute on Deafness and Other Communication
Disorders (NIDCD,RO3DC012109), and COBRe (8P20GM103471-09) to
HJS and a Ferlic Undergraduate Research Scholarship to DD.
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Hepatocytes exposed to ischemia/reperfusion (I/R) succumb to cell death after
reperfusion. Sphingosine and ceramide profiles revealed substantial accumula-
tion of sphingosine after 4h of ischemia to rat hepatocytes, whereas other sphin-
goid bases did not change. A lysosomotropic inhibitor of acid ceramidase
suppressed I/R-induced death, indicating a lysosomal origin of sphingosine.
Addition of exogenous sphingosine to hepatocytes increased cell death, which
was insensitive to the ceramide synthase inhibitor, fumonisin B1. This finding
indicates that accumulation of sphingosine, not ceramide formed from sphingo-
sine, promoted cell death. Exogenous sphingosine also inhibited complex IV
(cytochrome oxidase), the terminal component of the respiratory chain, in
612a Wednesday, February 11, 2015isolated mitochondria. Accordingly, we hypothesized that downstream respira-
tory inhibition by sphingosine leads to increased formation of O2
- radicals
after reperfusion, which by themselves have only a moderately harmful effect.
However when Fe2Dredistributes from lysosomes into mitochondria during
ischemia, Fenton chemistry occurs after reperfusion, leading to formation of
highly reactive OH radicals, potent inducers of the mitochondrial permeability
transition pore and cell death. This hypothesis was directly tested using bafilo-
mycin, which induces the release of Fe2D from lysosomes with subsequent up-
take into mitochondria. Indeed, bafilomycin potentiated sphingosine-induced
cell death. The data highlight a novel mechanism mediating I/R injury,
which involves sphingosine accumulation and uptake of lysosomal iron into
mitochondria during ischemia, leading to respiratory chain inhibition, iron-
dependent oxidative stress, mitochondrial permeability transition and cell death
after reperfusion. DK073336, DK037034 and 14.Z50.31.0028 (JJL) and
NS083544 (TIG).
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Mistugumin 53 (MG53) is an essential molecule in facilitating cellular mem-
brane repair. A member of the TRIM protein family, MG53 possesses a RING
domain functioning as an E3 ligase to mediate the down-regulation of insulin
receptor substrate-1 (IRS-1) in insulin signaling. Conflicting results have been
presented that elevated MG53 expression may serve as a causative factor for
the development ofmetabolic syndrome.This studywas designed to testwhether
high-fat diet (HFD) treatment alters the expression and function ofMG53within
mice models of metabolic syndrome. Western blotting showed that MG53
expression does not change within the skeletal and cardiac muscles of mice
subjected to HFD treatment. This data contradicts earlier findings presented
by Song et al. (Nature, 494: 375-379, 2013), who claimed thatMG53 expression
is markedly elevated in animal models of insulin resistance and metabolic
syndrome. Rather, we found that stress provoked by metabolic syndrome in
themicemodels actually reducedMG53 levels in the serum. Immunohistochem-
ical analyses revealed that skeletal muscle fibers of HFD-induced mice experi-
ence localization of intracellular MG53 around mitochondria. The reduced
MG53 serum levels observed may explain the compromised tissue regenerative
capacity of diabetic patients. Clustering of MG53 around mitochondria may
represent an adaptive response to metabolic stress. Overall, our study supports
the guardian function of MG53 in cell membrane repair and metabolic syn-
drome. Therapeutic approaches for an elevation of MG53 expression in tissues
that bypasses its interaction with IRS-1 may be a novel approach to treating
human diseases with degenerative tissue repair functions.
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Many signal transduction and gene regulatory pathways are highly dynamic
resulting in a variety of dynamic signaling and gene expression profiles.
Currently, our biophysical understanding of these profiles relies on the manip-
ulation of specific genes or drug treatment of specific proteins. One drawback
of this approach is that a gene of interest needs to be identified to affect the
pathways dynamic. Another drawback is that such perturbations may result
in a significant interference with the function of the cell. In order to avoid these
drawbacks, we developed a novel non-invasive perturbation approach to inves-
tigate the dynamic properties of signaling and gene regulatory pathways,
without genetic manipulation or drug treatments. To demonstrate the feasibility
of this approach we choose to interrogate a stress response pathway in yeast,
which enables us to manipulate the intensity, duration and shape of the signal
transduction profile. By combining quantitative single cell and single molecule
experiments with predictive modeling, we are able to quantify signal transduc-
tion activation, signal transduction saturation and gene expression activation
thresholds, which is not possible to quantify with any other currently available
technology. We also found that the signaling dynamics is proportional to the
first time derivative of the external perturbation profile. Because this approach
is independent of the biological pathway or organism, it presents a general
methodology to interrogate signaling and gene expression pathways non-
invasively without the need for genetic or drug perturbations.3087-Pos Board B517
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Tissue development is a key process in living organisms. An essential compo-
nent for these developmental processes - but also for tissue regeneration and
stem cell regulation - is the communication of cells by paracrine signaling.
Following the French flag model, these processes are responsive to concentra-
tion gradients of signal carrying molecules, so-called morphogens. The highly
conserved family of Wnt proteins can act as morphogens and represents impor-
tant regulators of all these processes. After secretion, specific transport mecha-
nismmust ensure proper distribution of the morphogen. Experimental studies in
zebrafish embryos and human kidney cells have given first evidence for a novel
short-range transport of Wnt morphogens from the Wnt active tissue towards
receiving cells using cell protrusions, so-called filopodia, as mediating agent.
These specialized filopodia transmit signaling proteins between communicating
cells and allow a high degree of control of propagation speed, direction and con-
centration of the transmitted ligand. The crucial question is how this novel
short-range mechanism can result in a long-range gradient of morphogen mol-
ecules covering the complete responsive tissue. In order to give an answer to
this question and address the theoretical feasibility of the new model we have
set up complementary Monte Carlo simulations. The simulation iteratively re-
produces ligand production, cell migration, and a slight ligand decay in concor-
dance with experimentally measured boundary conditions. In a filopodia
mediated transport system the major parameters are not anymore diffusion
rate, cell adhesion, and concentration of the ligand but length, angle distribu-
tion, and growth frequency of filopodia. During the simulation we were able
to identify key parameters of the underlying mechanism and quantitatively
reproduce our experimental data. These results provide evidence that a filopodia
based short-range transport system for Wnt has long-range signalling function.
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AMPK is a multi-protein nanomachine that is activated by multiple, complex
mechanisms, allowing fine tuning of AMPK activity in different situations of
metabolic stress. Binding of adenine nucleotides to the gamma subunit plays
a major role in either direct allosteric activation of AMPK or modulation of
AMPK phosphorylation and dephosphorylation by upstream kinases and phos-
phatases. These activation mechanisms require crosstalk between AMPK sub-
units by a nucleotide-induced conformational switch. We have engineered an
AMPK complex that allows a direct, real-time readout of the AMPK conforma-
tional state by fluorescence energy transfer (FRET). This molecular sensor con-
firms the exquisite sensitivity of AMPK to low micromolar concentrations of
AMP, shows the exclusive ability of ATP, but not MgATP, to compete with
AMP, and allows insight into the role of CBS domains for allosteric AMPK
activation. It has potential applications as a tool for screening of allosteric ac-
tivators of AMPK, and as a reporter of cellular energy state.
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Mechanistic understanding of heart failure (HF) and sudden cardiac death
(SCD) has been hampered by the lack of suitable experimental models with
features of human disease. We have developed a guinea pig model of cardiac
hypertrophy (HYP) and HF, characterized by predisposition to SCD (Liu
et al. Circ. Res. 2014). Our objective was to refine guinea pig models of HF
progression by integrating protein, metabolite and transcript levels.
Relative protein abundances from sham-operated, HYP and HF hearts were as-
sessed using isobaric tags for relative and absolute quantification, prior to liquid
chromatography and tandem mass spectrometry (LC-MS/MS). Metabolites
were quantified by LC-MS/MS or gas chromatography coupled to MS. Tran-
scriptome profiles were obtained from Affymetrix microarrays.
